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Abstract 
The objectives of this study were to characterize the spatial distribution of Hg in topsoil at Jia-Pi-Gou(JPG), a 
centuried gold mine area, and to evaluate the Hg pollution risks. A total of 28 soil samples were collected by a 
stratified random sampling technique. Descriptive statistics and ANN were used to analyze the data. The results show 
that the mean value of Hg in the soil was 0.203mg·kg-1, higher than Chinese Soil Environmental Quality Standard's 
soil quality standard. In the ANN figure the high concentrations of Hg are found in three main spots, two of which 
are gold mine and one of which is gold mine tailing and the three spots are the center of high concentration. The geo-
accumulation index assessment shows that all farmland topsoil in JPG is contaminated by Hg, while different 
sampling sites are contaminated to different levels, among all 53.57% are beyond heavily contaminated. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
As a crucial component of the urban ecosystem, soil is not only a transmitter of many pollutants to the 
atmosphere, groundwater and plants, but also a medium for plants to grow or a pool to dispose of 
undesirable materials[1]. Nowadays, soil is one of the most important, but also endangered, parts of the 
environment, because many heavy metals can accumulate in topsoil from the atmosphere, depositing by 
sedimentation, impaction and interception[2], and posing a potential threat to human health and 
ecological systems[3]. Among many toxins released to the environment due to human activities, Hg is 
particularly important. It moves easily between the air, water and soil matrices because it has low melting 
temperature (234.32 K), high volatility and an ability of bio transform at ion (methylation, alkylation and 
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reduction). Due to the Hg reduction by micro-organisms[4], evaporation and phyto-volatilization[5], Hg 
translocate from soil to air. Long-range transport of airborne Hg vapor made the Hg pollution a global 
problem. That was confirmed by the observation of increasing concentration of Hg in Polar Regions[6]. 
Previous research has shown that Artificial Neural Networks (ANN) can be successfully applied in 
studying and mapping the distribution of heavy metals in soil. ANN provides an advanced methodology 
that facilitates quantification of the spatial features of soil parameters and enables spatial interpolation. 
ANN can provide spatial distribution, which assumes that the distance or direction between sample points 
reflecting the spatial correlation can be used to explain variation on a regional scale. The objectives of 
this study were to characterize the spatial distribution of Hg in topsoil at JPG, a centuried gold mine area.  
2. Materials and Methods 
2.1. Study area 
Jia-Pi-Gou(JPG) gold mine area is located in Jilin province northeast of China 127 15 -127 30 E 
and 42 41 43 0 N , (Fig. 1). This area occupies 1,326 km2 of total area and is between 200 and 500 
m in elevation above sea level. There are more than 30 gold mines near the JPG town and JPG gold mine 
began the amalgamation gold mining 190 years ago. The Hg dosage of amalgamation is about 20kg/a, of 
which 50%-60% enters the water, soil and atmosphere. Although the amalgamation is disabled in 1996, 
there are still private gold mines using the amalgamation. 
 
Fig. 1. Sketch indicating sampling sites at JPG. 
2.2. Soil Sample Collection and Analysis 
A stratified random sample was adopted to provide a sampling program for the entire JPG. 
Considering the land use types and accessibility, a total of 28 composite soil samples were collected. 
Each sampling position was recorded with a GPS device. The soil sampling locations in this study are 
shown in Fig. 1. The soil samples at each sampling location were taken at a depth of 0-20cm. Their total 
weight was approximately 1kg. The collected soil samples were stored in polyethylene bags for transport 
and storage. All soil samples were air-dried naturally in the laboratory at room temperature. 
The air-dried soil samples were then sieved through a 100 mesh nylon mesh to remove large debris, 
stones, and pebbles. The heavy metals were extracted by the microwave digestion. The total 
concentrations of Hg in the extracting solution were measured by Inductively Coupled Plasma mass 
spectrometer (ICP-MS). Each soil sample was tested in triplicate to check the consistency of the data. 
Soil samples were collected under the basic approaches and methods for quality assurance and quality 
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control in sample collection and storage for environmental monitoring[7]. For quality assurance and 
control (QA/QC), duplicate samples and standard reference materials (GSD-12 and GSS1)[8], obtained 
from the Centre of National Standard Reference Material of China, were prepared and analysed using the 
same procedures. The analysed precision, measured as relative standard deviation, was routinely 3-5%. 
The quality control gave good precision (SD<5 %). 
2.3. Artificial Neural Network and Data Analysis 
An ANN is a highly interconnected network of many simple processing units called neurons, which 
are analogous to the biological neurons in the human brain. Neurons having similar characteristics in an 
ANN are arranged in groups called layers. The neurons in one layer are connected to those in the adjacent 
layers, but not to those in the same layer. The strength of connection between the two neurons in adjacent 
layers is represented by what is known 
follow a training rule by which the weights of the connections are adjusted on the basis of examples 
provided by training data[9,10]. 
2.4. Methods of Hg pollution assessment 
Contamination levels of Hg in topsoil collected from JPG were characterized by the geo-
accumulation index (Igeo). The Igeo, defined by Muller[11], has been widely used to evaluate the 
intensity of historical heavy metal pollution or the contamination degree of soil heavy metals[12,13] . It is 
expressed as: 
         Igeo    =  log2 [Cn /1.5BEn]                                                (1) 
where Cn is the measured concentration of heavy metal n in the soil sample and BEn is the corresponding 
background value of heavy metal n in Second Songhua River(SSR) soil[14]. The contamination levels are 
shown as Table 1: 
Table 1. Contamination levels, Igeo and different values. 
Contamination levels Igeo values 
uncontaminated  0 
uncontaminated to moderately contaminated 0-1 1 
moderately contaminated 1-2 2 
moderately to heavily contaminated 2-3 3 
heavily contaminated 3-4 4 
heavily to extremely contaminated 4-5 5 
extremely contaminated 5 6 
3. Materials and Methods 
3.1. Hg contents in the soil 
The descriptive statistics for Hg concentrations in farmland soils of the studied area, as well as 
background values of reach of SSR, are shown in Table 2. The mean concentration of Hg at JPG gold 
mine area is seen to be 0.558 mg·kg-1, which is higher than the corresponding background value of 
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Second Songhua River soil. The 10% percentile values of Hg is 1.1 times the background values of 
Second Songhua River soil, and the maximum concentrations in soil is 65.0 times the background values 
of Second Songhua River soil. The large difference between the minimum and maximum Hg 
concentrations shows large variations of Hg concentrations in the study area, indicating that the main 
sources of these heavy metals are human activities. 
Table 2. Summary statistics of Hg concentrations in topsoil of JPG Gold Mine and reference value (mg·kg-1). 
items Minimum 10% 25% Median Mean 75% 95% Maximum Reference value 
concentration 0.025 0.052 0.089 0.203 0.558 0.481 2.337 3.120 0.048 
Times  0.5 1.1 1.9 4.2 11.6 10.0 48.7  65.0  
 
Hg is a special kind of heavy metal, for its volatile feature. Some elements in farmland soil are 
essential for plant growth. However, Hg creates toxicity to plants once its concentrations in soil exceed 
specific thresholds. In the study area, the concentrations of Hg in 16 sampling sites exceeded the grade III 
limit value of Chinese Soil Environmental Quality Standard (GB15618-1995), meaning that the normal 
growth of plants will be threatened if the concentrations of Hg continues to increase. Therefore, it is 
necessary to stop emission of Hg and carry out essential measures to prevent further enrichment of Hg. 
3.2. Spatial Distribution of Soil Hg 
In this study, ANN is used to regression techniques for prediction of the spatial distribution of Hg in 
topsoil. 28 cases of field-collected data are used for model development. The overall research objective of 
the study was to develop a model to estimate soil Hg distribution in farmland soil and district level with 
an emphasis on using readily available and cheaply obtainable measurements. 
The spatial distribution of Hg in the topsoil of JPG is represented in Fig. 2. It can be seen that the high 
concentrations of Hg are found in three main spots, two of which are gold mine and one of which is gold 
mine tailing. In spite of the prohibition of amalgamation process to extract gold, Hg is not liable to 
transfer, resulting in accumulation in soil due to pollution from previous decades. The most two serious 
polluted spots are the main gold mine in the whole area, and there is tailings pond in the third spot. 
 
 
Fig. 2. Spatial distribution of Hg in the topsoil of JPG. 
327 Jing Yang et al. /  Procedia Environmental Sciences  18 ( 2013 )  323 – 328 
The highest Hg was observed around the mining site and the mine tailings, which indicated that the 
regional amalgamation process to extract gold was the main emission source of Hg. The waste from 
the mining site, process plant and mine tailings entered the environment media and wastewater was also 
used for the irrigation of the agricultural soils in the area, which facilitate metal dispersion in soils. 
3.3. Results of geo-accumulation assessment 
The calculated Igeo results for Hg in topsoil collected from JPG are presented in Table 3. Geo-
accumulation index ranges from 0.039 to 7.022, with an average of 3.342. 
Table 3. The calculated results of Igeo. 
 Minimum Maximum Mean Median SD 
Hg 0.039  7.022  3.342 3.080 0.556 
 
As shown in Table 4 geo-accumulation index for Hg in none of all 28 studied soil samples is less than 
zero indicating that topsoil has been contaminated in JPG. Being between 3 and 4, the mean values of 
Igeo for Hg reveals heavily contaminated soil. This shows that all topsoil samples collected from JPG 
have been contaminated by Hg, with large spatial variations in pollution levels. The larger standard 
deviations for Hg (Table 3) confirm this finding.  
Table 4. The samples percentage of different Igeo values. 
Contamination levels Igeo values % 
uncontaminated  0  0.00 
uncontaminated to moderately contaminated 0-1 1   3.57 
moderately contaminated 1-2 2  25.00 
moderately to heavily contaminated 2-3 3  17.86 
heavily contaminated 3-4 4  21.43 
heavily to extremely contaminated 4-5 5  7.14 
extremely contaminated 5 6  25.00 
SD standard deviation 
4. Conclusions 
The concentrations, spatial distribution and contamination by Hg in farmland topsoil from JPG in 
China have been studied.  
(1)The mean concentration of Hg in studied area is 0.558 mg·kg-1 and concentrations of all studied 
sampling soils are higher than their background levels in SSR soil. Having been using amalgamation 
process to extract gold for 180 years, the JPG gold mine area was heavily contaminated by Hg emission 
artificially. 
(2)The spatial distribution of Hg concentrations coincides with amalgamation process to extract gold, 
and the high concentrations of Hg are found in three main spots, two of which are gold mine and one of 
which is gold mine tailing and it indicated that the regional amalgamation process to extract gold was 
the main emission source of Hg. 
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(3)The geo-accumulation index assessment shows that all farmland topsoil in JPG is contaminated by 
Hg, while different sampling sites are contaminated to different levels.  
The key factor contaminating farmland topsoil in JPG is use of amalgamation process to extract gold 
while the amalgamation process has been prohibited to reduce the Hg emission. 
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